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TECHNIQUE AND QUALITIES OF BEAMS WITH EXPANDED
METAL SECTIONS.
M. Hellsten
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ABSTRACT
The rotary expander technique can be used for manufacturing Lattice framework from
a single strip of sheet metal by integrating expanded metal with solid sheet.
This technique can be used to distribute the material in a tubular, or open profile to
where it's best needed.
Valuable qualities possible to are:
- low weight and optimal strength
- low energy transmission (noise and heat)
- soft deformation and favorable energy absorbing properties
- good fatigue resistance
- high flexibility in design and product qualities
These qualities are usef-ul in applications like:
- light and strong steel framing systems for buildings
- energy absorbing support structures in road equipment
- light vehicles
- construction pipes and profiles
Manufacturing of expanded metal implies a strain hardening of the mesh. This effect is more
obvious in rotary expander manufacturing, due to a forced extension to match the solid metal strips.
The use of strain hardened material to make light profiles with high stiffuess.
In combination with plaiting, it is possible to produce rigid C- and Z-studs.

KEYWORDS
Hollow section, profile, expanded metal, energy absorption, energy transmission,
flexible design, plaiting, steel framing, studs.
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MANUFACTURING
Hollow sections and open profiles of Expanded Metal with solid comers can be manufactured from
strip metal in the same way as conventional profiles.
Depending on profile geometry and desirable qualities, the location of the expanded metal sections
and their geometry are fixed.
The metal strip is expanded in a rotary expander, before roll forming and plaiting.
It is possible to manufacture a profile with expanded metal sections in a straight line from a strip
metal coil.
In the roll-forming process, the profile is shaped and then sealed with welding or by a folding seam.
It is possible first forming a tube and after the welding transform the tubular section into other
hollow section profiles.
The rotary expander machine technique was developed to make it possible to manufacture steel
products with integrated longitudinal areas of expanded metal from a sheet metal coil. This
development has contributed to light products with low energy transmission and soft deformation.

QUALITIES
Manufacturing of expanded metal implies a strain hardening of the mesh. This effect is more
obvious in rotary expander manufacturing, due to a forced extension to match the solid metal strips.
In a profile with expanded metal and solid sheet, the width and location of the solid sheet sections
and the expanded metid sections can be chosen freely as well as the geometry (mesh) ofthe
expanded metal.
This is a way of locating the material where it is needed and using strain hardened material can be
expected to make light profiles with high stiffness.
Expanded metal sections can be expected to have a relative low transmission of energy (heat, sound
etc.), due to the sparse material and the lengthened energy transport.
In combination with plaiting, it is possible to increase rigidity in construction C- and Z-profiles.
Expanded metal sections can be expected to have a soft deformation quality, possibly useful in
traffic environment etc. A light column for example, will be flattened, retarding a hitting vehicle.
The fatigue properties have been subject for different opinions.
Some fatigue specialists have characterized expanded metal as consisting of crack fronts only.
Others have predicted that the meshes would act as plate springs.
MHAB designed a research project together with Dr.ing. A. Aalberg and B. Haugen at the
Department of Structural Engineering at the Norwegian University of Science and Technology in
Trondheim. The aim was to obtain knowledge providing development of metal profiles with low
weight and energy transmission, soft deformation, and favorable energy absorption and fatigue
qualities.

In the autumn of 1996 the BALCUS project called "Experimental Investigation of a Hollow Steel
Section with Solid Comers and Expanded Metal Sections" was carried out.
This project investigated the following qualities, and models for calculation were developed.
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TEST SPECIMENS, MATERIAL AND MATERIAL TESTS
A quadratic cross section with overall dimensions 80 mm * 80 mm and plate thickness 1.5 & 3.0
mm was chosen. Expanded metal was used for the four sidewalls of the profiles and solid sheet for
the corner sections. A specimen length of 1200 mm were chosen for the beams and 360 mm length
for the axial (stub) tests.
At this time, only open profiles with micromesh were regularly manufactured. The specimens were
spot welded and showed out-of-straightness imperfections and twists, although of general good
quality.
The expanded metal sections in the sidewalls of the specimens were spot-welded to the corners
using TIO-welding. Standard expanded metal of different mesh sizes and weight (kg/m2) were
chosen from a manufacturer catalogue, ranging from a fine-meshed expanded metal to a relatively
coarse-meshed material.

TEST PROGRAM
The test program investigated the following qualities:
- elastic and inelastic bending
- axial loading, static and dynamic
- fatigue
- heat transfer

ELASTIC BENDING
Laboratory measurements bending tests were performed for Beams in order to find the behavior of
the beams in the elastic range. The beams were supported with a concentrated load at the midpoint.
The load was applied by adding hanging weights to the beams by hand. In order to obtain a proper
contact (support) on the rough surface of the BALCUS beams, the support points and loading point
were smoothened with plastic padding. The beams had internal stiffeners at the supports and
loading point. Deflections were measured at the supports and at the loading point. An analytical
model has predicted the measured deformations. The total deflection ofthe beam is viewed as the
sum of two contributions; bending-deformation and shear-deformation.
The grid of the expanded metal is viewed as a pure truss structure since the axial stiffness ofthe
grid is very low when the loading is not parallel to any of the grid-"fibers". The bending stiffness of
the beam thus only includes the corners ..
For the BALCUS beam the moment of inertia is computed from the solid plate corner sections.
The expression for the bending deformation will give higher- values then the actual contribution
from bending since one has neglected that part of the moment is also carried by the expanded metal
section in the top and bottom of the beam.
The truss model of the expanded metal grid gives that the shear force is carried by the sidewalls as a
force. That is tensile for one grid direction and compression for the other, thus giving no net axial
force along the beam axis.
This is analogous to a model commonly used for I-shaped wood sections where the web is made by
crossed boards.
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This shear model has neglected the bending stiffuess of the grid points ofthe expanded metal.
Finite element analysis has shown that the axial stiffuess of such a zigzag truss is approximately
half of the stiffness of the similar straight truss. Including this reduced axial stiffuess in the
analytical model will thus approximately double the shear deformation numbers.
The deflection from the analytical model has been compared with the lab results. The analytical
deformations are based on elastic modulus of E = 210000 N/mm.
For all the BALCUS beams the error is within this range of error up to about 20% as for the solidwalled beams. The analytical model does however consistently underestimate the actual
deformation. This underestimation is assumed to be caused by neglecting the centerline jumps in
the grid model when calculating the shear deformations. Again, with the reduced axial stiffuess of
the expanded metal trusses in the shear deformation model, one will get increased (doubled) shear
deformation numbers. This will bring the total deflection in the analytical model up to numbers
with mean value around 100% of the measured deflection, and not consistently lower as is the case
now.

INELASTIC BENDING
Tests were carried out for a total of 13 beam specimens. 10 of these were Balcus Beams, with large
variety to geometry and density of expanded metal sections.
Two different loading situations were considered. Concentrated load and distributed load applied
over the central 440 mm. of the span.
The response curves for the Balcus-beams show a behavior almost as for the solid plate beams. The
inelastic behavior is caused by a combination of gradual plastification of the comer steel and
deformations of the compressed comer sections down into the beam or sideways. The efficiency of
the Balcus Beams with respect to maximum load (PmaxlWeight, in kg/m) can be greater or smaller
compared to solid beams. The test show which geometry is most efficient in the tested specimens.
The effect of comer width show that an increase of comer width give a rather small increase of the
maximum loads carried. The mesh geometry effects the maximum load ratio. The contribution of
the expanded metal sections to the capacity ofthe Balcus-beams were found from testing a pure
expanded metal beam.
A model for the bending capacity of Balcus-beams was designed. In this model only the solid
comers of the Balcus-beam were considered.
This model gives a predicted capacity quite far below maximum load in 90% of the tests.

AXIAL LOADING
Static tests were carried out with compressive axial loading of short columns. The specimens were
compressed at a low deformation rate.
Response curves for axial load versus displacement, were recorded.
The deformation mode is much similar to that of the reference stub, with folding of the sidewalls in
a quite symmetric buckling pattern.
It seems as the fine meshed expanded metal is better fitted to prevent cross sectional distortions.
Flat rolled expanded nietal raises the defornlation resistance. Filling with aluminum foam raises the
absorbed energy ofthe Balcus stub apparently. The ratio between the peak load and the mean load
is an important criterion for crashworthiness. Aluminum foam equalizes the peak-mean load ratio.
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Dynamic tests were performed for a total of 6 stubs. Test specimens were mounted in a test rig and
subjected to a 56 kg projectile at impact velocities from 8.5 to 14.5 mls. An increase in peak-load
between 90-110% was observed. For the reference stub the peak load increased with almost 200%.
A ratio between the total energy in the dynamic tests and the absorbed energy in the corresponding
static tests of 2: 1 was found.

FATIGUE
Fatigue tests were carried out with two beams ofBalcus type. Both beams with identical geometry.
Important to the fatigue issue is remembering that the expanded metal in the sidewalls of the beams
is spot-welded to the steel plate corners in the beams. Welding on a component in most cases
governs its fatigue capacity, and the final Balcus product is to be produced without welding.
Different load levels were chosen for the two beams, corresponding to a maximum normal stress
slightly above the basic yield stress of the steel for the first test and about 50% ofthe basic yield
stress for the other.
The heavily loaded beam failed suddenly at 165.000 load cycles, from a crack starting at a spot
weld in one of the edges at the tension side of the beam. The testing of the other beam was stopped
when 500 000 load cycles was reached without any signs of failure. The test result implies that the
Balcus beams, and particularly the expanded metal in the beams, show signs of distinctly favorable
effects with respect to fatigue.

THERMO TECHNICAL
Introduction
The Norwegian Building Research Institute (NBI) has, after commission to The Department of
Structural Engineering at The Norwegian University of Science and Technology, investigated the
thermal conductivity ofBALCUS profiles used as cross beams in thernIaI insulated wall
constructions.
Method
This investigation is based on a simplified calculation of heat transmission by conductivity in
expanded metal. We have designed an expression, which under certain given geometric conditions
will give equivalent heat conductivity with good accuracy for expanded metal.
The expression is valid for expanded metal with near right angular meshes. In the BALCUS beams
we borrowed, the meshes fulfil this request.
The expression utilizes the relationship that the cross section is reduced and the length is increased
for the meshes due to plastic dimensional change when the expanded metal is stretched (when the
mesh width is increased).

These calculations, are made in a simplified way, shows that it-is possible to make a BALCUSprofile which by means of insulation is equally good compared to massive wood or to other slotted
thin plate profiles. Earlier calculations of thin plate profiles shows a profile with 6 rows of slots in
the waist and 0.7mm plate thickness is equivalent to a profile of massive wood.
In these rough calculations the effect of flanges and facing material is neglected. For profiles used
in isolated constructions, it's useful to make a qualified calculation with the help of a program for
2-dimensional heat transmission.
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STEEL FRAMING DEVELOPMENT

In the construction industry, open sheet metal profiles C-, Z- or hat- shaped are commonly used.
Weak webs specially in slotted profiles (studs) need stiffening, and web-stiffeners are common.
In profiles (studs) with expanded metal, or pre-spaced metal the web needs stiffening.
To make it possible to save raw material, and to use simple studs in construction it is necessary to
stiffen the web or flange in such profiles.
Plaiting the expanded metal web will make it rigid. Maximum rigidity will appear perpendicular to
the direction ofthe plaiting.
In construction expanded or pre-spaced metal can add several valuable qualities. Reduced weight,
facilitate easier handling and increased rate of production in the construction site, reduced cost of
material and transportation. Healthy buildings due to full aeration of walls and trusses.
To optimize the effect in studs with expanded metal, the mesh size is decreased in connection to
elongated sections of solid sheet
The plaiting of the web is preferably arranged in two angular parts for maximum overall rigidity.
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D
Side view and cross section of BALCUS* profile.

* Patent Pending
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BALCUS*, cross section and geometry of expanded metal.
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Cable shelf

Scirocco* truss aeration

Constructiou beams
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SPINE* C-stud, with plaited expanded metal web for optimal rigidity, low weight and energy transmission .
• Patent Pending.

SPINE* Z-stud, with plaited expanded metal web for optimal rigidity, low weight and energy transmission .
• Patent Pendine.

